Several risk scores have been created to predict long term mortality after coronary artery bypass grafting (CABG). Several studies demonstrated a reduction in long-term mortality following bilateral internal thoracic arteries (BITA) compared to single internal thoracic artery. However, these prediction models usually referred to long term survival as survival of up to 5 years. Moreover, none of these models were built specifically for operation incorporating BITA grafting.
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Introduction
Coronary artery bypass grafting (CABG) procedures are the most common open heart procedure performed in most heart surgery centres. The standard of care using the left internal thoracic artery (LITA) as a single arterial graft was outlined in the mid-eighties by Loop et al. who showed better long-term patency of a LITA graft to left anterior descending (LAD) compared to that of a saphenous vein graft (SVG) connected to the LAD [1] . Several studies demonstrated a reduction in long-term mortality following bilateral internal thoracic arteries (BITA) compared to single internal thoracic artery (SITA) [2] [3] [4] [5] [6] .
Several prediction models for long term survival after CABG have been proposed over the last years [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, these models usually referred to long term survival as survival of up to 5 years [8-11, 13, 15] , while only a few observed 7 or 8-year survival [7, 14, 12] . To the best of our knowledge, no study has published a model predicting survival beyond this period. Moreover, none of these models were built specifically for BITA grafting.
The main objective of the present study was to identify predictors for long term survival after BITA grafting and to build a simple validated prediction tool.
Methods

Study design
Historical cohort study.
Setting
A 24-bed cardio-thoracic surgery department located at the Tel Aviv Sourasky Medical Center, a university affiliated 1500-bed medical center. The medical center is located in the center of Israel and serves a population of nearly 1 million people. The Tel Aviv Sourasky Medical Center ethics committee approved the study and waived the requirement for informed consent (number 0827-18-TLV).
Participants
All patients who underwent CABG using two ITAs between January 1996 and December 2011 were included in the study. Patients who underwent concomitant procedures were excluded from the study.
In our department the use of BITA grafting has been the standard of care since 1996 [16] , and is employed for all patients unless the patient has single vessel disease, increased risk of sternal wound infection (mostly female patients with combination of diabetes and obesity), or the consensus among senior staff is that the patient is too sick to undergo BITA grafting.
Variables
Data on patients' characteristics were recorded at the time of admission. Demographic data (age and sex); comorbidities: diabetes mellitus (DM), chronic obstructive lung disease (COPD), chronic renal failure (CRF), peripheral and cerebral-vascular disease (PVD, CVD), and any neurologic dysfunction (ND); cardiac characteristics: congestive heart failure (CHF), old and acute myocardial infarction (MI), unstable angina, severely reduced ejection fraction (EF), previous percutaneous transluminal coronary angioplasty (PCI), 3 or more diseased vessels, and left main disease (LM); patient's status: need of pre-operative intra-aortic balloon (IABP), emergency operation, and critical pre-operative status; and surgical characteristics: repeated operation, 3 or more bypass grafts, sequential grafts, the use of saphenous vein grafts, gastro-epiploic, radial grafts, grafts to the right coronary system and the use of off-pump technique, were collected. Old and acute myocardial infarction (MI) were considered as MI more than 7 days before surgery, and MI within the week before the surgery, respectively. Severely reduced ejection fraction was considered as ejection fraction equal or less than 30%. Critical pre-operative status was defined as the status of a patient who needed ventilation or IABP support or inotropic support, or any combination thereof before surgery. Emergency surgery was a surgery performed within the first week after cardiac catheterization due to the patient's condition. Mortality was defined as all-cause mortality occurring up to 15 years after surgery.
Data sources
All data was collected from patient files and hospital databases by residents or senior physicians. Late mortality was collected from the Israeli Internal Affairs Office National Registry Database.
Bias
All residents and senior physicians were instructed by one of the researchers (Mohr R) on the data collection in order to minimize collection bias and all data were recorded into an Excel file.
Sample size
Sample size was calculated according to log-rank test using significance level of 0.5% and power of 90%. The hazard ratio was set to 1.5 and survival at the end of follow-up was considered as 60%. According to these parameters, 1,046 patients were needed to identify predictors for mortality and to build the prediction model.
Quantitative variables
Age was divided into 5-year categories in order to simplify the use of the prediction model.
Statistical methods
Categorical variables were reported as number and percentage. Age was reported as mean and standard deviation (SD). Median and interquartile range of the surgery period was also reported. Length of follow-up was observed using reverse censoring method. Study population was randomly divided into two equal size groups. One group was used to identify predictors for mortality and to build the prediction model (learning group) and the second group was used to validate the model (validation group). The characteristics of the two groups were compared in order to evaluate the randomization. Chi-square test, independent samples T test, and Mann Whitney test were used to compare the characteristics between groups. Log-rank test was used to compare survival between groups.
Multivariable cox regression using backward method (likelihood ratio was used as criteria and p>0.1 was set as threshold value for removal). Demographic data, comorbidities, cardiac characteristics, and patients' status were included in the multivariable cox regression. Nomogram was built in order to introduce a simple tool for prediction of 5, 10, and 15-year survival. We also evaluated the baseline hazard at these time points and reported the coefficients of the variables that were included in the final model.
Calibration plots (predicted vs. observed values) were drawn in order to evaluate the prediction model. A predicted value indicates the predicted survival probability at a single time point, and observed value refers to the corresponding Kaplan-Meier survival estimate.
Harrell's concordance (C) statistic was used to evaluate the overall model discrimination ability. The area under the receiver operating characteristics curve was used to evaluate the discrimination ability of the model at these time points in both the learning and validation groups.
All statistical tests were two sided and p<0.05 was considered as statistically significant. 
Results
The study cohort included 2,935 patients who underwent BITA grafting between 1996 and 2011 (median January 2001). The median follow-up time was 15 years (IQR 12-15). One thousand four hundred and sixty eight patients were included in the learning group and 1,467 in the validation group. Comparisons of patients' characteristics are presented in Table 1 .
Six hundred twenty-six (42.6%) patients in the learning group and 593 (40.4%) patients in the validation group died during the follow-up (p = 0.437). The median survival time was not reached over the 15 years of follow up. The cumulative 5, 10, and 15 year survival rates were 0.861, 0.706, and 0.503, respectively for the learning group, and 0.865, 0.716, and 0.526, respectively, for the validation group (Fig 1) .
In multivariable analysis based on the learning group, older age, diabetes mellitus, COPD, CHF, CRF, old MI, EF�30%, pre-operative intra-aortic balloon, and PVD were significant predictors for mortality in the learning group ( Table 2) .
The calibration curves of the model presented good calibration at the three time points, in both the learning and validation groups (Fig 2 and Fig 3) .
Harrell's C was 71.5% in the learning group. The AUCs of cox model for the learning group for 5, 10, and 15 years were 0.742, 0.755, and 0.762, and for the validation group 0.766, 0.763, and 0.770, respectively. The ROC curves are presented in S1 and S2 Figs. Fig 4 shows a nomogram based on the cox model with prediction of mortality 5, 10, and 15 years after surgery. Table 3 indicates the points for each variable in the nomogram and Table 4 shows the total points for several main probabilities of mortality.
Discussion
Several risk scores were developed to evaluate the risk associated with early mortality after CABG [17] [18] [19] , and several risk scores were also developed to evaluate long term mortality [7] [8] [9] [10] [11] [12] [13] [14] [15] . However, these models evaluated late mortality of up to 8 years post-operatively. Similar prediction models were also developed in other medical areas, for example: a model to predict mortality in patients with prostate cancer [20] , a model to predict pulmonary hypertension based on findings of CT pulmonary angiography [21] , and a model to predict early relapse in patients with Crohn's disease [22] . Several studies have shown significant benefit of BITA grafting compared to SITA grafting [16, [23] [24] [25] [26] . Therefore, models that were built according to patients who mostly underwent Prediction of long term survival of patients undergoing CABG using BITA SITA grafting are limited in their applicability to predict outcomes of patients who underwent BITA grafting.
In the current study, we tried to develop a model that identifies predictors for long term survival, up to fifteen years after BITA grafting and use it as a simple validated prediction tool. This model may provide a longer prediction period than the previous ones [7] [8] [9] [10] [11] [12] [13] [14] [15] , and also Prediction of long term survival of patients undergoing CABG using BITA specifically addresses the sub group of patients treated with BITA, who were not included in previous studies.
In the current study, we divided all BITA patients operated in our department between 1966 and 2011 into two groups: One thousand four hundred and sixty-eight were the learning Prediction of long term survival of patients undergoing CABG using BITA Older age, DM, COPD, CHF, CRF, old MI, EF�30%, pre-operative intra-aortic balloon, and PVD, were significant predictors for mortality in the current model. A previous model proposed by Wu et al. [7] for prediction of 7-year mortality after CABG included age, body mass index (BMI), EF, hemodynamic stability, left main coronary artery disease, CVD, PVD, CHF, malignant ventricular arrhythmia, COPD, DM, CRF, and previous CABG. Another previous model proposed by MacKenzie et al. [14] for prediction of 8-year mortality after CABG included age, BMI, COPD, DM, EF, gender, left main coronary artery disease, old MI, number of diseased vessels, prior CABG, PVD, CRF, patients' status (elective/urgent, salvage, emergent), and white blood cells. Patients with malignant ventricular arrhythmia were not referred to BITA in our center and therefore this risk factor was not included in our model. Additionally, data on patients' BMI was not available for a large proportion of the charts, and was therefore waived. However, most of the variables that were included in these previous studies were also included as potential predictors in our study.
The Harrell's C in the current model was close to that reported by MacKenzie et al [14] . The AUCs of the cox model for 5, 10, and 15-year survival for the learning group ranged between 0.742 and 0.762, and for the validation group between 0.766-0.770, respectively. The AUCs value for 5 years were close to that reported in previous studies [7, 14] .
This study has several limitations. First, in order to evaluate long term outcome, we had to use data on patients who underwent CABG between 1996 and 2011. There was an improvement in patient management which may only be partially reflected in the cohort. Second, due to the historical nature of the study, data on BMI and blood tests were available only in part of the patients' charts, and therefore these variables were not included as potential predictors. Third, we did not have data on specific cause of death and therefore all-cause mortality was used instead. Lastly, supplemental angiographic data that could have been included in the model was not available. In conclusion, a simple to use validated model can be used to predict 5, 10, and 15-year mortality after CABG using the BITA grafting technique. 
Supporting information
